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1. INTRODUCTION

The objective of this contract, F 19628-91-K-0013, is to investigate the effect of cell size
on bistatic radar clutter statistics due to an elliptically polarized plane wave incident upon
arandomly rough surface at 75 degrees. The approach is based on numerical simulation of
wave scattering from randomly rough surface using an integral equation method given in
the next section. The cases to be studied are summarized in Table 1.

Table 1: Simulation Parameters

Transmitter orientation angle 45 degrees

Transmitter ellipticity angle 30 degrees

Receiver orientation angles 45, 135 degrees

Receiver ellipticity angle 30 degrees

Incident angle 75 degrees

Observation angle 80 degrees

Radar VWavelength (frequency) 18 cm (1.66 GHz)
Scattered azimuthal angles 180, 135, 90, 45, 0 degree
Resolution cells sizes 4, 8, 12 correlation lengths

From Table 1 it is seen that there are two polarizations (like and cross), five azimuthal
angles, and three resolution sizes. Thus, the total number of cases is 30. Also of interest is
to consider both the statistics of the signal amplitude and those of the signal power. Hence,
the total number of cases increases to 60. Following the common practice we shall use the
standard statistical models such as Rayleigh, Weibull, Gamma and lognormal to compare
with the distributions of the signal amplitude and the corresponding transformed statistical
models to compare with the distributions of the signal power. For ease of reference we
shall summarize our approach and computational steps ir the next section. This is
followed by a list of the standard signal distribution functions and their transforms in
Section 3. The expected effect of polarization on the mean signal is discussed in Section 4.
A special method to estimate the signal distribution function is given in Section 5. Results
for last 18 cases are shown in Section 6.

2. APPROACH

The basic approach to study signal statistics is by computer simulation. At this time the
most effective method to calculate the scattered field from a three dimensionally rough
surface is to determine the surface current at each point on the s:rface by solving the




integral equation for the surface current, J (7) , on a perfectly conducting surface.
J(h = 2i‘le7,.+-;;J‘r‘zx[VGx7(;')]ds' 1)

where 7 is the unit normal vcctor to the surface and 17,. is the incident magnetic field.
Once the surface current density with p-polarization is known over a surface patch of size
A, the g-polarized far zone scattered field can be computed from

§-E(H) =E, = —Cné‘?'xj'?xjp(;')exp (ik? - ) dxdy )

4o

where C = (-jk/47.R) exp(-jkR), R is range, 7 is the unit vector pointing in the direction of
observatlon Ao is the cell size,n is the intrinsic impedance of free space, J is equal to
either J or J,, for vertical and horizontal polarizations respectively, and k is the wave
number. The magnitude of the electric field in (2) gives one sample of the scattered field.

To find the surface current density 2t a point within a cell size of n x m, eqaation (1)
is solved approximately by using the Kirchhoff current density as the estimate of the
unknown current density inside the integral [Fung and Chen, 1992]. This operation is
carried out for each surface point and, hence, n x m integrations are performed over the
cell. Then, equation (2) is used to find the far zone scattered field. Unlike a linearly
polarized case, in general all four surface scattering matrix elements, i.e. vertical-vertical,
horizontal-horizontal, vertical-horizontal, horizontal-vertical, have to be computed to
realize an elliptical polarization. This takes almost four times as much effort in
calculations as compared to a single linear polarization.

To carry out the above calculations it is necessary to have a rough surface. For the
proposed study an anisotropically rough surface has been generated on the computer. Its
surface height statistics are Gaussian and its autocorrelation function is anisotropic with
different correlation lengths along two orthogonal directions.The surface rms height is
0.86 cm and and its correlation lengths along orthogonal directions are 6.97 cm and 9.3
cm. Its height distribution and correlation function are illustrated in Figures 1 and 2. In
summary, the steps to be taken are as follows:

1. Generate a random surface on the computer with specified height and correlation
function.

2. Define the cell size in terms of the number of correlation lengths.

3. For each cell size, frequency, incident and scattered angles, calculate 1100 samples
for each of the four ¢lements of the scattering matrix in bistatic scattering and each of the
three elements needed in backscattering. Then, evaluate the scattered field amplitude for a
desired pair of incident and scattered polarization states (the first choice will be two
elliptically polarized
orthogonal polarization states) in terms of the matrix elements anrd form a probability
distribution curve.




4, Compare the calculated distribution curve with Weibull, Gamma distribution, log-
normal and Rayleigh functions to find out which analytic function gives the closest
description to the distribution. For ease of reference a summary of the properties of these
distribution functions are given in Section 3.
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3. SIGNAL DISTRIBUTION FUNCTIONS

The basic properties of the probability density functions to be used for comparisons with
simulated signal distributions are summarized below. Distribution functions listed for the
signal amplitude are the standard Rayleigh, Weibull, Gamma and lognormal function.
Those for power are the corresponding transformed functions derived from probability
theory.

Let x be the envelope of the received field amplitude and y be the corresponding
received power where y = x, then the probability density functions for x and y are defined
in the following equations. Note that all model parameters are estimated from the mean p
and variance 62 of the random variable x.

(a). The Rayleigh and transformed Rayleigh density functions

| _ X o L(x)
Pp(x) = Eexp{ 2((1) } (3)
I (ﬁ)z 0
P (y) 2azeXP{ >\ }.y> 4)
where
a=p 2 (5)
¥

(b). The lognormal and transformed logrormal density functions

: Y
P (x) = — exp{-% (—-—lnxv m)} ©)

xvi2m

1n~/)_r -m
P - N 0 7
m(y) = ryod2 ,— xp { ( ) }.y> M

The parameter m and v can be related to the mean y and variance 6? of x as

1 4
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(c). The Gamma and transformed Gamma density functions

Folx) = arl(x) (&E)x-l”” (‘é) (10
Prs(y) = m(g)k-leﬂ’(‘g) (11)

where I'(x) is Gamma function, ¢ is a scale parameter and A is a shape parameter given
by

v=E (12)
g
2
a=2 (13)
M

(d). The Weibull and transformed Weibull density functions

Py(x) = ﬁ(f)x_lexp{—(g)k} (14)

(0 AN 1 4
e = 2 (2) e (£,

where o and A are scale and shape parameters, respectively, related to the mean and
variance of x as (16)

1
M= al‘(l+x) (17)

o = az[l‘(H%)-l‘z(Hi)] (18)

Note that to obtain the necessary model parameters from mean and variance one may
apply standard algorithms [Gerald and Wheatly, 1984] to solve the nonlinear equations
(17) and (18)

4. EFFECTS OF POLARIZATION STATES

In a previous report [Fung, 1990] we discussed signal characteristics of linearly polarized
waves scattered from a randomly rough surface. In this section the scattering properties of




plane waves at other polarization states are considered to provide a reference on the
average signal property which is an important input parameter to the study of signal
distribution considered in this report.

A standard method to denote the polarization state of a plane wave is to use the
polarization ellipse defined in terms of the ellipticity angle T and a pair of orthogonal
vector basis, X and y. That is,

E = (&costT+jsinT) E exp[j(wt-kz)] (19)

For simplicity we shall set the field amplitude E, to unity and generalize the polarization
state by assuming that the major axis of the ellipse in X direction is oriented at an angle y
from the 8 axis of the reference coordinates § and 8 of the transmitting antenna defincd in
Figure 3. Thus, the polarization state of the t-ansmitting antenna is defined by its radiating
field E = a,E exp [j (0t -kz) ], where the unit polarization vector is

a, = 8 (costcosy — jsinTsiny) + ¢ (cosTsiny + jsinTcosy) (20)

This unit vector is characterized by the ellipticity angle T and the orientation angle . It is
clear that the polarization state of the receiving antenna can be characterized in a similar
way and we shall denote it by a,. In general, a different set of ellipticity and orientation
angles may associate with the receiving antenna. To find the average received power we
need to calculate the received voltage using the scattering matrix of the target which is
discussed in the next section.

Figure 3 Elliptic polarization state




4.1 Target Scattering Matrix and the Averaged Received Power

The polarization unit vector of the transmitting antenna written in matrix form using
phasor representation is

':a,:] - l:costcosw—jsin'rsinw} 2n

a, cosTsiny + jsinTcosy

Let us denote the target scattering matrix by S. That is,

—jkR —jkR

_ € _ € Soe SO;I

S-Sl - S @
~60 Yoo,

and S, = exp (jkR) RE,(9,,9,)/E, (8, ¢,) where E, and E, denote the incident and
scattered fields with polarization states p and g respectively. Then, the normalized
received voltage for transmitting polarization 7 and receiving polarization r is

~JkR Soa Saal |0
V. = € I 06 ~0¢| 1“0
" [are o [S S JI:“ J
00 o0 [ 91

= [,y (Seqlrp + Spotia) + Ao (Soettsy + Seady) 1 (¢7**/R) (23)

It is clear that both ¢ and r depend on the ellipticity and orientation angles of the
transmitting and receiving antennas respectively. For simplicity we assume that there is no
correlation between S, and S,, or S_ . Then, the expression for the average received

power is
Py = |V,
- 2 0 2 * e . ) -
= | a0 Ooelargl” +2Re {a,40,5*Cyq00,4a,5*} +2Re {a,48,0% O y009a14" 310}
+ |, Ogelasel” +[a,el Oaylaryl” + |36l Gaelael’ 147 (4nR7) (24)

where * is the symbol for complex conjugate; R is the range from the transmitting antenna
to the illuminated area A and 020“ and O, are the scattering coefficients defined as
follows:

0'2”. = 41!(5“5“*)/:4

Note that once the antenna coordinates, 8 and ¢, are fixed, the target scattering matrix




defined in terms of them are fixed irrespective of the choice of the transmitting or
receiving antenna polarization state which is a function of the angles T and y. Hence, it is
possible to determine the response to different polarization states with a given set of Spe'S
which is a function of the incident and scattered directions. It is a common practice to
calculate the scattering coefficient rather than the average power which has range
dependence. This scattering coefficient which is for elliptic polarization has the form

o} = 4nR’P, /A
= [a,¢|20'2¢ia,¢]2 +2Re (a8, og¢eea,¢a,9*) +2Re (8,40 Ogo00rg %10)
+la, zogelareiz +]a,q| Goqlarl” + |,6] *Golas|”- (25)

To do computation with (25) we need to know all the scattering coefficients which appear
in it.

For backscattering from a randomly rough surface all the scattering coefficients in
(25) are given in Appendix A, The important point to note is that while like polarized
scattering is always higher than that of the cross in vertically and horizontally polarized
backscattering, this is not necessarily true in elliptical polarization and definitely not true
in bistatic scattering into directions orthogonal to the incident in azimuth. In particular, for
polarication at 30 degrees ellipticity and 45 degree orientation, the levels of like and cross
polarized scattering are of the same order.

Like and Cross Polarizations

Following definitions developed in antenna reception theory [Mott, 1986], we define like
polarization to be reception with maiched antennas i.e.

8,-8) = 1 (26)

la,-a) =0 @7

To illustrate the meaning of (26) consider the case y = 0. Let (19) represent the radiated
wave from a transmitting antenna. Rewriting (19) in time domain with E, = 1, we have

E‘, = Xcostcos (0t - kz) — ysinTsin (0 - kz) (28)

which is a left-hand elliptically polarized wave. If the receiving antenna is chosen to have
the same polarization, its radiated field will have the same mathematical form but
expressed in prime coordinates. As illustrated in Figure 4 transmitting and receiving
antenna systems must point in opposite directions. This means that when the radiated field

10
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of the receiving antenna is expressed in the coordinate system of the transmitting antenna,
its propagation phase must take the form ¢+ kz and there is a sign change on the y-

component. That is

E, = Xcostcos (Wt +kz) + ysintsin (07 + kz)

Figure 4 Ilustration of transmitting and receiving antenna systems

When we convert (29) to phasor form, it becomes

E = (icosT-jpsinT)exp [j (ot +kz)]

r

(29)

(30)

From (19) anc. (30) the polarization unit vectors for transmitting and receiving are

respectively
a, = Zcost+jysint
and

a, = Xcost - jysint

Clearly, one unit vector is the complex conjugate of the other,

a,-a) =1 and the

polarization states of both antennas are left-hand elliptic. Hence, thisCase is referred to as

like polarization.

To illustrate cross or orthogonal polari:ation consider the transmitting antenna
defined by (20) and take the receiving antenna to be the same but rotated 90 degrees in

orientation. That is, replace y in (20) by y + /2 yielding

11




= O (- costsiny - jsintcosy) + & (costcosy ~ jsinTsiny) (31)

If we take the dot product of (20) and (31), we find that a, = 0. When we check its
polarization state, it is right-hand elliptic. Thus, left-hand elhptxc and right hand elliptic
polarizations are mutuaily orthogonal. The special case with T = 0 and y = 0 leads to
a, = ¢anda, = 8 which are obviously orthogonal.

5. METHOD OF DENSITY ESTIMATION

The most widely used density estimator is the histogram. For the presentation and
exploration of data, histograms are of course an extremely useful class of density
estimators, particularly in the univariate case. However, this method has some substantial
drawbacks such as the discontinuity of the estimate, the choice of origin and the choice of
the amount of smoothing. To overcome these shortcomings, we adopt the kernel estimate
method [Silverman, 1986] for our data presentation and analysis.

5.1 Kernel Estimator

From the definition of a probability density, if the random variable X has density f, then
fix) = lim-—l-P(x—h<X<x+h) (32)
h-02h
For any given h, we can estimate P (x - h <X <x-+ h) by the percent of the sainples

falling in the interval (x ~ k, x+ k) . Thus, a natural estimator f of the density is given by
choosing a small number h and setting

HOX hZ( )K (x) (33)

i= ]

where K, the kernel, satisfies the conditions

K (x)dx = 1 (34)

(K (x)dx = 0 (35)

(K (x)dx = c#0 (36)




and A is the window width, also called the smoothing parameter or bandwidth, and » is the
sample size.Usually, but not always, K will be a symmetric probability density funciion.
Some fundamental properties of kemel estimates follow from the definition. When the
kernel K is everywhers non-negative and satisfies the conditions (34)-(36)-in other words
is a probability density function-it will foliow from the definition that f will itself be a
probability density function. Furthermore, f will inherit all the continuity and
differentiability properties of the kernel K. For example, if X is a normal density function,
then f will be a smooth curve having derivatives of all erders.

5.2 Ideal Window Width and Kernel

The ideal value of h may be found from the point of view of minimizing the approximate
mean integrated square error leading to

~-1/5

1/§
noo=c J-K(x)zdx} { If"(x)zdx} (37)

opt

The equation above for the optimal window width is somewhat disappointing since it
shows that h,,, itself depends on the unknown density being estimated. However, some
informative conclusions can be draw. Firstly, the ideal window width will converge to zero
as the sample size increase, but at a very slow rate. Secondly, since the second integral
term in (37) measures, in a sense, the rapidity of fluctuations in the density f, it can be seen
that smaller values of h will be appropriate for more rapidly fluctuating densities. A very
easy and natural way is to use a standard family of distribution to assign a value to the
second integral term in Eq. (37) for the optimal window width. Silverman [1986] suggests
that if daia come from a unimodal distribution, then for a Gaussian kernel the choice,

h = 1.060n"""% (38)

will, to a high degree of accuracy, minimize the integrated mean square error with an
estimate of ¢ obtained from the data. For multimodal populations this choice may cause
some oversmoothing.

5.3 Method of Computation

Both theory and practice [Silverman, 1986] suggest that the choice of kernel is not crucial
to the statistical performance of the method and therefore it is quite reasonable to choose a
kernel for computational efficiency. The kernel we shall use is the standard Gaussian
density function. The numerical method used is first to discretize the data to a very fine
grid, and then to use the FFT to convolve the data with the kernel to obtain the estimate.

Take Fourier transforms in (33) to obtain

13




fo(s) = J2R)K (hs)y(s) (39)
where y(s) ,K are the Fourier transforms of the data and kernel, respectively.

n

y(s) = (2n) ‘°'5n"2exp (isX)) (40)

i=|

Next, substitute the Fourier transform of the Gaussian kernel to obtain
~ 1,2 2
fn(s) = exp —5hs y () (41)

A discrete approximation to y(s) is found by constructing a histogram on a grid of 2" cells
and then applying the FFT. Finally, f, (x) is found by taking the inverse Fourier transform
of (41). Note that because of rounding and approximation errors, this calculation may lead
to some (numerically very small) negative values of f,, (x). These are set to zero.

6. RESULTS

Figures 5.]1a through 5.1¢ show the signal distribution curves calculated from simulated
data along with distribution functions given in Section 3 for small (4L), medium (8L) and
large cell (12L) sizes respectively (where L is surface correlation length) for a receiving
orientation angle of 45 degrees and azimuthal angle of ¢, = 90 degrees. In each figure the
upper graph is the distribution for signal amplitude and the lower graph is fcr the
distribution of power.The corresponding rms error calculations for the different
distribution functions are shown in Tables Sa,b,c. From Figure S5a, it is seen that none of
the common distribution functions fit the simulated data very well when the cell size is
small. As cell size increases to the size shown in Figure Sb, much better agreement is
obtained between the data and Weibull distribution for the signal amplitude. However,
when the same data set is analyzed in terms of power, the agreement is not as good
although the transformed Weibull density is still the best among those considered. The
reason for this is because the squaring operation compresses all signal values that are
small and spreads out those that are large. The end result is that finer resolution is needed
in the small value region and a coarser resolution in the large value region. Thus, fo
analyze signal properties on the voltage instead of the power level generally produces
better defined curves. Further increase in the cell size leads to similar conclusions and a
better agreement between the data and the Weibull distribution. In fact, the rms error
decreases from 0.697 for the small cell size to 0.215 for the large cell size using voltage
calculations. Another point to note is that for large cell size (Figure 5c), the power data
and the common distribution functions have a long, exponential tail in the region
exceeding the mean and in this tail region the difference between distributions is very




small. This again indicates that the use of data on the power level for analysis loses
sensitivity to the true curve. Thus, the well known Rayleigh distribution can be used for
signal distribution on the power level when one deals only with the tail region.

Similar illustrations for an azimuthal angle of 45 degrees are shown in Figures 6a
through 6¢ and the associated error analysis is summarized in Table 6a,b,c. In all cases
Weibull distribution comes clossst to the simulated data. Unlike the case with an
azimuthal angle of 90, an increase in cell size causes an increase in rms error from 0.204
to 0.529 in error analysis. Visually, it is stil] the large cell size that léads to a better
agreement in the shape of the curve. In all cases the Gamma distribution is the second best
descriptor. Another point worthy of notice is that unlike those cases where the azimuthal
angle is larger than or equal to 90, the power curves do not have an exponential
appearance over a significant portion of their range until tke cell size is large. This means
that the use of Rayleigh distribution in practice for the tail region (power value larger than
the mean) is justified only when the cell size is large.

When the azimuthal angle is 0 degree(i.e. in the forward dire<tion), the shape of the
signal distribution curve shifts over to Gamma, although the rms error for Weibull
distribution is still the smallest. Illustrations are given in Figures 7a through 7c and Tables
7a,bc. Here, again it is the largest cell size that produces the best agreement and the least
amount of error. In addition, on the power level, the curves appear more symmetric
especially for larger cell sizes and lose their exponential appearance completely. Thus, in
forward direction the common practice of assuming Rayleigh distribution is completely
invalid.

7. CONCLUSIONS

1.The signal distribution is found to have a closer correlation to target when the signal
envelop rather than signal power is used for analysis.

2.Away from the forward direction and for signal levels larger than the mean, Rayleigh
distribution can be used to estimate power distribution even though the actual distri-
bution curve is not Rayleigh.

3.Away from the forward direction Weibull distribution gives the closest description of
the signal distribution.

4.In the forward direction the Gamma distribution gives a closer description of the
shape of the distribution curve.
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17




Table 5a

Signal Envelope
Model Parameters
Model RMS Error shape scale
- Rayleigh 3.930 0.9
Lognormal 1201 - | .163 0.28
Gamma 0.884 12.1 0.017
Weibull 0.697 3.26 0.23
mean= 2.0e-1 variance=3.4e-3
Signal Power
Maoadel Parameters
Model RMS Error shape scale
T. Rayleigh 9.853 0.9
T. Lognormal 3.977 -1.63 0.28
T. Gamma 3.674 12.1 0.017
T. Weibull 3.267 3.26 0.23
mean=4.5¢-2 variance= 4.9e-4
Small Resolution Cell

Cell Size = 4 Correlation Lengths
t = ts = 30 Deg., ei =75 Deg., 93‘ = 80 Deg.,
¥ =45Deg, ¥ =45Dcg, ?, '=90Dcg.
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Figure 5b. Comparison between statistical models and simulated data for the

medium cell size.
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Table 5b

Signal Envelope
Model Parameters
Model RMS Error shape scale
‘Rayleigh 1.241 0.063
Lognormal 1.327 | 251 0.44
Gamma 0.631 4.76 0.019
Weibull 0.375 2.25 0.10
mean= 9.0e-2 variance=1.7e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 7.641 0.063
T. Lognormal 7.770 -2.51 0.44
T. Gamma 5.126 4.76 0.019
T. Weibull 4.397 2.25 0.10
mean=9.6e-3 variance=6.3e-5
Medium Resolution Cell

Cell Size = 8 Correlation Lengths
¢ = T =30Deg., 9; =75Deg., 8 =80Deg.,
¥ =45Deg. V¥, =45Deg., ®, =90Des.
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Figure Sc. Comparison between statistical models and simulated data for the large

cell size.
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Table 5¢

Signal Envelope
Model Parameters
Model RMS Error shape scale
.Rayleigh 0.314 0.068
Lognormal 1.276 | -2.57 0.49
Gamma 0.849 3.71 0.023
Weibull 0.215 1.98 0.098
mean= 8.6e-2 variance=2.0e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 2.889 0.068
T. Lognormal 5.217 2.57 0.49
T. Gunma 4.096 3.7 0.023
T. Weibull 2.651 1.98 0.098
variance=8.2e-5
Large Resolution Cell
Cell Size = 12 Correlation Lengths
T = T =30Deg, O =75Deg., O .= 80Deg.
v

¢ =45 Deg,, ws = 45 Deg., ‘s = 90 Deg.
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Figure 6a. Comparison between statistical models and simulated data for the small
cell size.
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Table 6a

Signal Envelope
Model | RMS Eror ﬁﬁ:‘ Tamae
' Rayleigh 2.875 0.11
Lognormal 0.777 -1.35 0.27
Gamma 0.521 13.0 0.021
Weibull 0.204 411 0.3

mean= 2.7e-1

variance=5.6¢e-3

Signal Power
Model Parameters
Model RMS Error shape —
T. Rayleigh 4.529 C.11
T. Lognormal 1.334 -1.35 0.27
T. Gamma 1.268 13.0 0.021
T. Weibull 0.793 4.11 0.3
mean=7.8e-2 variance=1.6e-3
Small Resolution Cell
Cell Size = 4 Correlation Lengths

T
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Receiver Azimuth Angle = 45 deg
Receiver Orientation Angle = 45 deg

(Medium Resolution Cell)
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Figure 6b. Comparison between statistical models and simulated data for the

medium cell size.
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Table 6b

Signal Envelope
Model Parameters
‘ Model RMS Error shape cale
Rayleigh 3.766 0.084
Lognormal 0.409 -1.54 0.25
Gamma 0.335 16.1 0.014
Weibull 0.287 4.69 0.24
mean= 2.2e-1 variance=3.0e-3
Signal Power
Model Parameters
Model RMS Error <have ale |
T. Rayleigh 9.341 0.084
T. Lognormal 2.354 -1.54 0.25
T. Gamma 2.030 16.1 0.014
T. Weibull 1.694 4.69 0.24
mean=5.le-2 variance=6.0c-4
Medium Resolution Cell

Cell Size = 8 Correlation Lengths
¢ = %5 =30Deg., % =75Deg; & =380Deg,
¥, =45Deg, ¥ =d5Deg, ¥ =45Des.

T




Receiver Azimuth Angle = 45 deg
Receiver Orientation Angle = 45 deg

(Large Resolution Cell)
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Figure 6¢c. Comparison between statistical models and simulated data for the large

cell size.
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Table 6¢

Signal Envelope
Model Param
Model | RMS Error 2 p: P e::: -
Rayleigh 2.851 0.063
Lognormal 1.352 2.3 0.37
Gamma 1.046 6.85 0.016
Weibull 0.529 2.67 0.12
mean= 1.le-1 variance=1.7¢-3
Signal Power
Model P t
Model | RMS Error shap: T
T. Rayleigh 11.30 0.063
T. Lognormal 6.317 2.3 0.37
T. Gamma 4.449 6.85 0.016
T. Weibull 3.694 2.67 0.12
mean=1.3e-2 variance=8.0e-5
Large Resolution Cell

Cell Size = 12 Correlation Lengths
¢ = % =30Deg, 9;=75 Deg., %5 =80Deg.,
V. =45Deg, ¥ =45Deg., @ =45Dcg.

T
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Receiver Azimuth Angle = 0 deg
Receiver Orientation Angle = 45 deg

(Small Resolution Cell)
3tllllIllUll"l||lllllllfllllllllllllllll-
o Simulation
25 mean/madian = 1,156
mean/variance = 17.03 — — —Rayleigh
2 . T Lognormal
) \‘ —. = Gamma

Weibull

Illlllllllllllllllllllllllll

Probability Density Function

] 05 1 15 2 25 3 35 4
Signal Envelop Relative to Mean

Receiver Azimuth Angle = O deg
Receiver Orientation Angle = 45 deg
(Small Resolution Cell)

3 1 v ¥ l L] ] L] L) l Ll 1 L) ¥ l ¥ L] L] T l ) L) ] L]

mean/median = 1,953
mean/variance = 25,92

(o] Simulation
. Rayleigh
. Lognormal

. Gamma

. Weibull

8ignal Power Relative to Mean

Figure 7a. Comparison between statistical models and simulated data for the small

cell size.
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Table 7a

Signal Envelope
Model Param
Model RMS Error odel P clets
shape scale
Rayleigh 0.764 0.13
Lognormal | 0655 | .32 0.60
Gamma 0.246 2.31 0.057
Weibull 0.137 1.55 0.15
mean= 1.3e-1 variance=7.5e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 1.942 0.13
T. Lognormal 1.229 -2.21 0.60
T. Gamma 1.037 2.31 0.057
T. Weibull 0.854 1.55 0.15
mean=2.3e-2 variance=9.2¢-4
Small Resolution Cell
Cell Size = 4 Correlation Lengths

T
v

¢ =45 Deg., "’s = 45 Deg., ¢
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Receiver Azimuth Angle = O deg
Receiver Orientation Angle = 45 deg
(Medium Resolution Cell)
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Figure 7b. Comparison between statistical models and simulated data for the
medium cell size.
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Table 7b

Signal Envelope
Model Parameters
_Model RMS Error shape scale
" Rayleigh 0.745 0.14
Lognormal 0576 | .1.60 0.41
Gamma 0.226 5.37 0.041
Weibull 0.175 2.52 0.25
mean= 2.2e-1 variance= 9.0e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 1.587 0.14
T. Lognormal 1.125 -1.60 0.41
T. Gamma 0.997 5.37 0.041
T. Weibull 0.715 2.52 0.25
mean=5.7¢-2 variance=2.1e-3
Medium Resolution Cell
Cell Size = 8 Correlation Lengths

%« T =30Deg, ®; =75Deg., % =80Deg.,

¥ =45Deg, ¥, =45Dcg. ®, =0Des.
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Receiver Azimuth Angle = 0 deg
Receiver Orientation Angle = 45 deg

(Large Resolution Cell)
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Figure 7c. Comparison between statistical models and simulated data for the large
cell size.




Table 7¢

Signai'Envelope
Model Parameters
Model RMS Error shape scale
- Rayleigh 2.394 0.12
Lognormal 0.295 -1.20 0.25
Gamma 0.184 15.4 0.02
Weibull 0.118 481 0.34
mean= 3.1le-1 variance= 6.2e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 3.854 0.12 |
T. Lognormal 0.616 -1.20 0.25
T. Gamma 0.643 15.4 0.02
T. Weibull 0.739 4.81 0.34
mean=1.0e-1 variance= 2.4¢-3
Large Resolution Cell

Cell Size = 12 Correlation Lengths
¢ = T =30Deg., % =75Deg., % =80Deg.,
"’t = 45 Deg,, ws = 45 Deg., ® ‘=0 Deg.

T




Appendix A

I. Rough Surface Scattering Matrices

The bistatic single-scatter scattering coefficient matrix in the upper medium is given
by

-0 _ ﬂ.l;
o° = —(S) | (A.)

where A is the illuminated area and the elements of (S) are equal to

-

2 2
qsvvl ) <|svh] > Re <svvsvh* ) —Im <vasvh* )
2 2
(lshv! > <|shh, ) ke <Shvshh* > ~Im <Shvshh*>
* * * * %
2Re <vashv ) 2Re (Svhsvh ) Re <vashh + Svhshv ) Im (Svhshv - vashh* )

o % E * * * _ *
_21m <va°hv )2]"1 <Svhshh >Im (vashh + svhshv >Re<svvshh Svhshv >_j

Each of the above matrix elements has the form.

2 = W (k,_—k, k —k
(s S"‘>=%expl—c’(kiﬂi)lzcz"(l” ph Y Y leky 78 )

qp-'rs 2 l qp-rs n!
n=

whera

() "F g (k=) + (k) F (=K, k)

I:B = (ksz+kz) nfaﬂe‘xp (—szzksz) +

2
(A.3)
In (A.3) the Kirchhoff field coefficients are given as
= ————— [sinBsin®, — (1 + cosBcosO - Ad
- cosG+cosG,[sm sin@, - (1 + cosBcos0,) cos (¢, ¢)],- (A4)
f 2Ry [ in0sing, - (1+cosBeos,) cos (9, - §)] (A.5)
= =—————— [sin@sinf - cos0cos0 ) cos (¢, — .
" cos8 + cos8, ! : !
Jw = 2Rsin (0, -9¢) (A.6)
fon = 2Rsin (¢-9,) (A7)

where R = (R,-R,) /2 . For simplicity of writing we shall use the following notations
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in writing the complementary field coefficients.
s = sinf, ss = sin@,

cs = cos0, css = cosO,, sf = sin (¢, - 9), csf = cos (¢, — ¢)
172

sq = (Lg,—sin®0) ", sqs = (€, - sin?0,)
r = (sqcss)/ (sqscs)
M, = W1/NE =¢€/E
cl = (csf—sss)/ (sqcss)
cls = (csf—-sss)/ (sqscs)
c2 = s(ss-scsf) /css
c2s = s(ss—sscsf)/cs
T,=1+R,T,,=1-R,,
T,=1+R,T,, =1-R,
T,=1+RT,=1-R
Using the above notations we can write the complementary field coefficients as
F,, (-k,-k) = =(csT,,-sqT,/¢e,) (T,esf+T,,€.cl)
+ (T —csT,T,,/5q)c2 (A8)

F,,(-k,,-k) = (esT,,-sqT,/W,) (Tyesf+T,,1.cl)
—-(ch—-csT,T,,/sq)c2 (A.9)
F,,(-k,-k) = (csT,-sqT,/¢,) (T,/css+T,¢e,/sq)sf

+ (cvh=csT,T,/sq) s*sf

(A.10)
F,,(-k,~k) = (csT,~sqT, /W) (T,/css+T,U./5q) sf
+ (cvh=csT, T,/ 5q) szsf
(A.11)
F,, (k. k) = —(cssT,, ~sqsT,/¢,) (T,esf+T,,¢e.cls)
+ (cv—cssT,T,,/sqs)c2s
(A.12)
Fyp (ke ~k,) = (cssT,, —sqsT,/W,) (Tyesf+T,,1,c1s)
-(ch—-cssT,T,,/5q9s) c2s
(A.13)

F, (-k k”) = —(cssTp—squm/u,) (Tm/cs+TPu,/sqs)sf

x?
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-(cvh—cssT,T,/sqs) sszsf
F,, (-k,, —ksy) = —(cssT, - squp/ £,) (Tp/ cs+T,e,/5q5) sf
~(cvh - cssTme/ 5qs) sszsf

£Cs—S
Ry = ’ ?
gcs+sq

cs—S
R, = K, q
B,cs+sq

R = (1-R)/(1+R)

k, = ksinBcoso; ky = ksinOsind; k, = kcos6

k,, = ksin® cos¢; k, = ksinBsin¢; k,, = kcosO,
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Appendix B

This appendix summarizes all the cases included in previous reports. The first thirty cases
are for cross polarization with receiver orientation angle along 135 degrees while the
incident angle of orientation is along 45 degrees. The 30 cases include to 5 azimuthal
angles, 3 cell sizes and displays in terms of signal amplitude and power. These are denoted
as Figures B1 through B 5 Then, there are 12 cases for polarized scattering with receiver
orientation angle along 45 degrees and azimuthal angle chosen to be 180 and 135 degrees.
These are denoted as Figures B6 through B7. Each figure shows both amplitude
distribution and power distribution for a given set of angles followed by a table showing
rms error calculations for the different distribution functions shown in the figure. The set
of angles for a given case is marked on the figures and given below the tables.
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Figure Bla. Comparison between statistical models and simulated data for the small
cell size.
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Table 1a

Signal Envelope
Model Parameters
Model RMS Error Shape scale
Rayleigh 2.534 . 0.029
Lognormal 2.338 -3.6 0.55
Gamma 1.022 2.81 0.011
Weibull 0.659 1.8 0.036
mean= 3.0e-2 variance= 4.0e-4
Signal Power
‘ Model Parameters
Model RMS Error shape scale
T. Rayleigh 30.33 0.029
T. Lognormal 22.62 -3.6 0.55
T. Gamma 18.95 2.81 0.011
T. Weibull 17.99 1.8 0.036
mean= 1.3e-3 variance= 2.0e-6
Small Resolution Cell

Cell Size = 4 Correlation Lengths

T

Vi =45Deg. ¥, =135Deg, ¢ =180 Deg.
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Receiver Azimuth Angle = 180 deg
Receiver Orientation Angle = 138 deg
(Medium Resolutien Cell)
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Figure B1b. Comparison between statistical models and simulated data for the
medium cell size,
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Table 1b

Signal Envelope
Model RMS Error map:n P T
Rayleigh 0.952 0.022
Lognormal 2.887 -3.75 0.511
Gamma 1.320 3.35 0.008
Weibull 0.824 1.87 0.03

mean= 2.7¢-2

variance= 2.1e-4

Signal Power

Model Parameters

Model RMS Error shape scale
T. Rayleigh 24.66 0.022
T. Lognormal 31.52 -3.75 0.511
T. Gamma 22.33 3.35 0.008

T. Weibull 18.59 1.87 0.03

mean= 9.2e-4 variance= 1.2e-6
Medium Resolution Cell
Cell Size = 8 Correlation Lengths

¥ = %5 =30Deg, ¥; =75Deg., & = 80Deq,,

\l’t = 45 Deg, ‘l’s = 135 Deg., ¢s' =180 Deg.
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Receiver Azimuth Angle = 180 deg
Receiver Orientation Angle = 135 deg
(Large Resolution Cell)
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Figure B1c. Comparison between statistical models and simulated data for the large
cell size.
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Table 1c
Signal Envelope
Model Parameters
Model RMS Error shape scale
Rayleigh 1.669 0.032
Lognormal 2.158 349 0.54
Gamma 0.654 29 0.012
Weibull 0.299 1.79 0.04
mean= 3.5¢-2 variance= 4.2e-4
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 20.23 0.032
T. Lognormal 19.32 -3.49 0.54
T. Gamma 12.74 29 0.012
T. Weibull 11.26 1.79 0.04
mean= 1.6e-3 variance= 3.6e-6
Large Resolution Cell
Cell Size = 12 Correlation Lengths

T

¥ =45Deg. ¥ =135Dcg., ¥, =180Deg.
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Figure B2a. Comparison between statistical models and simulated data for the small
cell size.
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Table 2a

Signal Envelope
Model Parameters
) Model RMS Error shape scale
Rayleigh 3.412 0.034
Lognormal 2.351 -3.02 0.41
Gamma 1.498 5.67 0.009
Weibull 0.901 2.35 0.06
mean= 5.3¢-2 variance= 5.0e-4
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 34.55 0.034
T.Lognormal | 28.64 -3.02 0.41
T. Gamma 30.2§ 5.67 0.009
T. Weibull 19.22 2.35 0.06
mean= 3.3¢-3 variance= 6.3e-6
Small Resolution Cell |

Cell Size = 4 Correlation Lengths
t = %5 =30Deg, ®; =75Deg., ;< 80Deg.
¥, =a5Deg, ¥ =135Dcg, ¥, =135Des.

T
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Receiver Azimuth Angle = 135 deg
Receiver Orientation Angle = 135 deg
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Figure B2b. Comparison between statistical models and simulated data for the

medium cell size.
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Table 2b

Signal Envelope
Model Parameters
Model RMS Error shape scale
Rayleigh 0.806 0.27
Lognormal 2.511 -3.54 0.5
Gamma 1.094 3.55 0.009
Weibull 0.652 2.02 0.037
mean= 3.3e-2 variance= 3.0e-4
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 22.39 0.27
T. Lognormal | 31.09 -3.54 0.5
T. Gamma 45.32 3.55 - 0.009
T. Weibull 20.37 2.02 0.037
mean= 1.4¢-3 variance= 2.0e-6
Medium Resolution Cell
Cell Size = 8 Correlation Lengths

T

v
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Receiver Azimuth Angle = 135 deg
Receiver Orientation Angle = 138 deg
(Large Resolution Cell)
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Figure B2c. Comparison between statistical models and simulated data forthe large

cell size.
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Table 2¢

Signal Envelope
Model Parameters
Model | RMS Eror [~ —cale
Rayleigh 1.138 0.047
Lognormal 1451 | -3.09 0.54
Gamma 0.508 297 0.018
Weibull 0.377 1.90 0.059
mean= 5.3e-2 variance= 9.0¢-4
Signal Power
Model Parameters
Model RMS Error shape scale
T.Rayleigh | 6,784 0.047
T. Lognormal 5.663 -3.09 0.54
T. Gamma 7.521 297 0.018
T. Weibull 4.398 1.90 0.059
mean= 3.6e-3 variance= 1.8e-5
Large Resolution Cell
Cell Size = 12 Correlation Lengths

‘t = %5 =30Deg, 9 =75Deg, ) = 50Deg,
¥ =45Decg. Y =135Deg., ¢ = 135 Deg.
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Figure B3a. Comparison between statistical models and simulated data for the small
cell size.
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Table 3a

Signal Envelope
' Model RMS Error :::::l Pmest::c
" Rayleigh 5.672 0.019
Lognormal 1.573 -1.76 0.24
Gamma 1.354 16.5 0.011 ‘
Weibull 1120 | 379 0.20 1
| ;l
mean= 1.8e-1 ‘ variance= 1.9e-2
| Signal Power
Model | RMS Error ::::: : Pm:t:ge
T. Rayleigh 18.62 0.019
T.Lognormal | 7.984 176 0.24
T. Gamma 6.995 16.5 0.011
T. Weibull 6.310 3.79 0.20
mean= 3.3e-2 variance= 2.0e-4
Small Resolution Cell

Cell Size = 4 Correlation Lengths

¢ = %5 =30Deg, ®; =75Deg. & =80 Deg,

¥, =45Deg, ¥, =135Dcg, ¥, =90Deg.

T
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Receiver Azimuth Angle = 90 deg
Receiver Orientation Angle = 135 deg

(Medium Resolution Cell)
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Figure B3b. Comparison between statistical models and simulated data for the
medium cell size.
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Table 3b

Signal Envelope
Mode! Parameters
~ Model RMS Error shape scale
Rayleigh 2.331 0.05
Lognormal 1.794 -2.75 0.41
Gamma 1.120 5.56 0.013
Weibull 0.514 2.4 0.079
mean= 7.0e-2 variance= 9.0e-4
Signal Power
Model Parameters
Model RMS Error shape scaie
T. Rayleigh 13.79 0.G5
T. Lognormal 11.20 -2.75 0.41
T. Gamma 8.631 5.56 0.013
T. Weibull 7.568 2.4 0.079
mean= 5.6e-3 variance= 2.0¢-5
Medium Resolution Cell

 Ceil Size = 8 Correlation Lengths

T

t = tg = 30 Deg., Bi =75 Deg., .Bs ‘= 30 Deg.,

¥ =45Deg. ¥ =135Deg, ¢, ~90Deg
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Receiver Azimuth Angle = 90 deg
Receiver Orientation Angle = 135 deg
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Figure B3c. Comparison between statistical models and simulated data for the large
cell size.
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Table 3¢

Signal Envelope
Model | RMS Error [—( oS P Reien.
Rayleigh 0.506 0.058
Lognormal 1.285 -2.85 0.53
Gamma 0.540 3.08 0.022
Weibull 0.189 1.78 0.075
mean= 6.7¢-2 variance= 1.5e-3
Signal Power
Model RMS Error ::::: l Param:::lr:
T. Rayleigh 4.978 0.058
T. Lognormal 5.211 -2.85 0.53
. Gamma 3.988 3.08 0.022
T. Weibull 2.016 1.78 0.075
mean= 5.8¢-3 variance= 4.2¢-5
Large Resolution Cell

Cell Size = 12 Correlation Lengths
¢ = T =30Deg., & =75 ch..’.es 80 Deg.,
V. =45Deg. ¥ =135Dcg, ¢ =90Des.

T
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Receiver Azimuth Angle = 45 deg
Receiver Orientation Angle = 138 deg
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Figure B4a. Comparison between statistical models and simulated data for the small
cell size.
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Table 4a

Signal Envelope
Model Parameters
Model RMS Error shape scale
Rayleigh 4.197 0.09
Lognormal 1.025 -1.33 0.20
Gamma 0.811 23.4 0.012
Weibull 0.408 5.30 0.29
mean= 2.7e-1 variance= 3.0e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 9.368 0.09
T. Lognormal 2.991 -1.33 0.20
T. Gamma 2.854 234 0.012
T. Weibull 1.998 5.30 0.29
mean= 7.6e-2 variance= 7.6e-4
Small Resolution Cell
Cell Size = 4 Correlation Lengths

‘i = %5 =30Deg. %j =75Deg. & = 80Deg.
"’t =45 Deg, "’s = 135 Deg., ¢s = 45 Deg.
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Receiver Azimuth Angle = 48 deg
Receiver Orientation Angle = 135 deg

s (Medium Resolution Cell)
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Figure B4b. Comparison between statistical models and simulated data for the
medium cell size.

59




Table 4b

Signal Envelope
Model P, t

Model | RMS Error sh‘;dp: T
Rayleigh 5.214 0.067
Lognormal 1.057 -1.53 0.20
Gamma 0.821 25.2 0.009
Weibull 0.097 5.85 0.24
mean= 2.2¢e-1 variance= 2.0e-3

Signal Power

Model Parameters

Model RMS Error shape scale

T. Rayleigh 11.25 0.067
T. Lognormal 4.221 -1.53 0.20

T. Gamma 4.057 25.2 0.009

T. Weibull 2.552 5.85 0.24
mean=5.1e-2 variance= 3.5¢-4

Medium Resolution Cell

Celi Size = 8 Correlation Lengths
t = ts = 30 Deg., Oi =75 Deg.,,.'es ‘= 80 Deg.,
V. =45Deg, ¥, =135Dcg., ¢, =45Deg.

T




Receiver Azimuth Angle = 48 deg
Receiver Orientation Angle = 138 deg

(Large Resolution Cell)
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Figure B4c. Comparison between statistical models and simulated data for the large
cell size.
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Table 4c¢

Signal Envelope
Model Parameters
Model RMS Error shape scale
" Rayleigh 3.584 0.06
Lognormai 1.517 -2.30 0.35
Gamma 1.025 7.89 0.013
Weibull 0.497 2.96 0.12
mean= 1.le-1 variance= 1.4e-3
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 17.18 0.06
T. Lognormal 8.612 -2.30 0.35
T. Gamma 7.968 7.89 0.013
T. Weibull 5.654 2.96 0.12
mean= 1.3e-2 variance= 7.0e-5

Large Resolution Cell
Cell Size = 12 Correlation Lengths
t = %5 =30Deg., O =75Deg., ¥ = 50Deg.
Y. =45Deg. ¥ =135Deg., ®; =45Des.

T
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Receiver Azimuth Angle = O deg
Receiver Oricntation Angle = 135 deg

(Small Resolution Cell)
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Figure BSa. Comparison between statistical models and simulated data for the small
cell size.
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Table 5a

Signal Envelope |
Model RMS Error ::::: l Param::;rli |
Rayleigh 1.022 0.10
Lognormal L108 | _jg3 0.39
Gamma 1.091 6.03 0.026
Weibull 1.228 3.17 0.17
mean= 1.le-1 variance= 1.4e-3
Signal Power
Model Param
Model RMS Error shape :;e:e 1
T. Rayleigh 2.345 0.10
T. Lognormal 1.318 -1.93 0.39
T. Gamma 1.201 6.03 0.026
T. Weibull 1.561 3.17 0.17
mean= 2.8e-2 variance= 6.0¢-4
Small Resolution Cell
Cell Size = 4 Correlation Lengths
% = T =30Deg., O =75Des. ’°, & 80 Deg.,
¥ =45Deg, ¥ =135Deg, ?; =0Deg.
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Figure B5b. Comparison between statistical models and simulated data for the

medium cell size.
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Table 5b

Signal Envelope
. Model Parameters
Model RMS Error shape scale
Rayleigh 2.941 0.10
Lognormal 0.231 -1.35 0.24
Gamma 0.198 17.3 0.015
Weibull 0.945 5.34 .29
mean= 2.7e-1 variance= 4.le-3
Signal Power
Model Paramet
Model | RMS Eror shap: =
T. Rayleigh 5.214 0.10
T. Lognormal 1.230 -1.35 0.24
T. Gamma 1.213 17.3 0.015
T. Weibull 1.884 5.34 0.29
mean= 7.5¢-2 variance= 1.3e-3
Medium Resolution Cell
Cell Size = 8 Correlation Lengths
T

. = T =30Deg, ®; =75Deg., b, ‘< 80 Deg.,

¥ =45Deg, ¥ =135Dcg., ®; =0Deg.
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Figure B5c. Cogugarison between statistical models and simulated data for the large
cell size.
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Table 5¢

Signal Envelope
Model RMS Error 1:;:::1 Paramc;::slc
Rayleigh 2.587 0.083
Lognormal 0109 | _j01 0.15
Gamma 0.102 45.8 0.008
Weibull 0.561 8.68 0.39

mean= 3.7e-1

variance= 2.9¢-3

Signal Power
Model Parameters
1
Mode! RMS Error shape scale
T. Rayleigh 3.981 0.083
T. Lognormal 0.757 -1.0i 0.15
T. Gamma 0.624 45.8 0.008
T. Weibull 1.207 8.68 0.39
mean= 1.4e-1 variancc= 1.6e-3

Large Resolution Cell
Cell Size = 12 Correlation Lengths

T

‘Vt =45 Deg,

68
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Figure B6a. Comparison between statistical models and simulated data for the smali
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Table 6a

Signal Envelope
Model P: t
Model | RMS Esror =2 p: o

Rayleigh 5.554 0.013

Lognormal 3.624 -4.45 0.57
Gamma 1.039 2.63 0.005

|
Weibull 0.874 1.70 9,015
mean= 1.4e-2 variance= 7.0e-5
Signal Power
14

Model Parameters
Model RMS Error shape scale

T. Rayleigh 120.3 0.013

T. Lognormal 68.25 -4.45 0.57
T. Gamma 40.67 2.63 0.005
T, Weibull 35.62 1.70 0.015

mean= 2.5¢-4 variance= 1.0e-7
Samll Resolution Cell
Cell Size = 4 Correlation Lengths.
T

t = %5 =30Deg., %; =75Deg., B =50Deg.
Vi =45Deg, ¥, =45Deg, ¢ =180Deg.
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Receiver Azimuth Angle = 180 deg
Receiver Orientation Angle = 48 deg
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Figute B6b. Comparison between statistical models and simulated data for the
medium cell size.
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Table 6b

Signal Envelope

Model RMS Error llllhodel Parameters
ape scale

Rayleigh 5.331 . 0.014

Lognormal | 2.668 44 0.57
Gamma 1.416 2.59 0.006
Weibull 1.021 1.74 0.017
mearn= 1.5¢-2 variance= 9.0e-5

Signal Power

Model Parameters
Model RMS Error shape scale
T. Rayleigh 78.25 0.014

T. Lognormal 40.23 4.4 0.57
T. Gamma 33.57 2.59 0.006
T. Weibull 31.78 1.74 0.017

mean= 3.1e-4 variance= 2.0e-7

Medium Resolution Cell
Cell Size = & Correlation I..enétlgs.
T

¢ = %5 =30Deg., &; =75Deg. ¥ =30Deg,
¥ =45Deg, ¥, =45Deg., ¢ =180Deg.

R ———=
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Figure B6c. Comparison between statistical models and simulated data for the large
cell size. 13




Table 6¢

Signal Envelope
Model Parameters
Model RMS Error shape scale
Rayleigh 3.658 0.035
Lognormal | 2947 | 347 0.61
Gamma 1.087 2.20 0.015
Weibull 1.023 1.59 0.037
mean= 3.4e-2 variance= 5.0e-4
Signal Power
Model Parameters
Model | RMS Emor —mre scale
T. Rayleigh 27.54 0.035
T. Lognormal 19.27 -3.57 0.61
T. Gamma 12.03 2.20 0.015
T. Weibull 12.92 1.59 0.037
mean= 1.6e-3 variance= 4.4¢-6
Large Resolution Cell
Cell Size = 12 Correlation Lengths

T

t = T =30Deg., °;=75Deg.;- 8 =380Deg.,
¥ =a5Deg, ¥, =45Deg, ¢ =180Deg.
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Figure B7a. Comparison between statistical models and simulated data for the small
cell size.
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Table 7a

Signal Envelope
Model Parameters
) Model RMS Error shape scale
* Rayleigh 3.921 0.046
Lognormal 1926 | -2.501 0.36
Gamma 1.914 7.05 0.011
‘Weibull 1.288 2.57 0.091
mean= §8.0e-2 variance= 9.Ce-4
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 21.22 0.046
T. Lognormal 13.29 -2.591 0.36
T. Gamma 13.56 7.05 0.011
T. Weibull 10.94 2.57 0.091
mean= 7.3e-3

variance= 2.3e-5

Small Resolution Cell
Cell Size = 4 Correlation Lengths
¢ = % =30Deg., ¥ =75Dcg., 9 =80Deg,
V¥ =a5Deg, ¥, =d5Deg., ¢ =135Des.

T




Receiver Azimuth Angle = 135 deg
Receiver Orientation Angle = 45 deg
(Medium Resolution Cell)
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Figure B7b. Comparison between statistical models and simulated data for the

medium cell size.
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Table 7b

Signal Envelope
Model Error Model Parameters
4 RMS shape scale
- Rayleigh 0.647 0.033
Lognormal 2.666 -3.28 0.48
Gamma 1.651 3.79 0.011
Weibull 0.524 2.03 0.048
mean= 4.3e-2 variance= 5.0e-4
Signal Power
Model Parameters
Model RMS Error shape scale
T. Rayleigh 13.03 0.033
T. Lognormal 22.48 -3.28 0.48
T. Gamma 15.31 3.79 0.011
T. Weibull 12.88 2.03 0.048
mean:=2.2¢-3 variance= 4.0e-6
Medium Resolution Cell
Cell Size = 8 Correlation Lengths.
T 0 -

¢ = % =30Deg., ®; m75Deg.. 5 =80Deg.,

VY, =45Deg, ¥, masDeg., ¢ =135Deg.
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Figure B7c. Comparison between statistical models and simulated data for the large
cell size.
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Table 7c

Signal Envelope
Model Param
Model RMS Error sh:l; e::x:le
Rayleigh 0.728 . 0.05
Lognormal 0.736 29 0.50
Gamma 0.726 3.10 0.02
Weibull 0.430 1.90 0.069
mean= 6.1¢-2 variance=1.2¢e-3
Signal Power
Mod te
Model RMS Error shap:l Pmm:c:e
T. Rayleigh /5.338 0.05
T. Lognormal 5.989 -2.9 0.50
T. Gamma 4.213 3.10 0.02
T. Weibull 4.581 1.90 0.069
mean=5.0¢e-3 variance= 3.0e-5
Large Resolution Cell
Cell Size = 12 Correlation Lengths

Tt = % =30Deg., ®; =75Deg. % 280Deg,

Vt = 45 Deg,, ws = 45 Deg., ¢s = 135 Deg.
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